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This Meeting’s Presentations


Objectives


System compliance


Provisions


Improvement


Research


Water Mains and Storage 
Research and 
Information Collection 
Needs
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Presentation Objectives


Define the distribution system issues
Explain why this topic is a concern that 
may warrant additional research / 
information collection
Review the current state of information
Describe decision-relevant research and 
information needs
Identify linkages to related topics and 
cross-cutting issues
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Water Mains and Storage Facilities Act 
as Physical Barriers to Contamination


1. How often are these physical barriers 
breached?


2. What is the likelihood that waterborne 
pathogens will enter the water main or 
storage facility during a contamination 
event?


3. What is the likelihood that a 
contamination event at a water main or 
storage facility will affect public health 
and what is the possible severity of 
these public health effects?


4. How often are BMPs followed? Does 
implementation of BMPs need to be 
more effective?
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External Contamination of 
Finished Water Storage Facilities


Pathway such as a 
defective vent, 
hatch, insect 


screen or 
overflow piping


Presence of 
contaminant or vector 


in the environment 
such as bats, birds, 


rodents, chemicals or 
algae


Failure of existing 
control strategy such as 


inspection, maintenance, 
sanitary procedures, 


sampling or disinfection


Contamination only 
occurs when all three 


factors exist


Note: Water quality 
impacts associated with 
turnover, mixing, water 


age (i.e., internal issues) 
are addressed in different 


presentation 
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Contamination During Main Installation 
and Repair


Pathways such as 
main break, leak, 


main or appurtenance 
repair, main 


installation, main 
cleaning


Presence of 
Contaminant or Vector 


in the Environment


Microbes, chemicals, 
animals, insects, soil 


Failure of existing control 
strategy such as site 
inspection, materials 


storage, sanitary 
procedures, sampling, 


disinfection


Contamination only 
occurs when all three 


factors exist
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Reasons for Potential Public Health Concern


There are more than 150,000 
finished water storage facilities 
in the U.S.
Several waterborne disease 
outbreaks have been linked to 
improper maintenance of 
storage tanks, water main 
repair and new main 
construction. 


Waterborne pathogens have 
been found in soil and 
groundwater at water main 
repair and construction sites 
(e.g. Salmonella spp., 
Campylobacter spp.).
Kirmeyer et al (1994) 
estimated from approx. 
880,000 miles of pipe:
* 237,600 main breaks 
* 13,200 miles new main 
* 4,400 miles main repaired 


Water main breaks that can be 
repaired under pressure do not 
present the same level of risk 
as other water main events.
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Mitigation Strategies – State 
Requirements and Guidelines


At least 30 States require utilities to follow industry 
standards regarding design and construction of 
storage tank vents, hatches, screens, etc. 
At least 13 States have requirements for tank 
inspection and maintenance.
Several states require bacteria samples be coliform-
free before a storage facility is returned to service after 
maintenance.
The Ten State Standards recommends minimum 
separation distances between water mains and 
wastewater infrastructure.


8







Do not quote, cite, or distribute


Mitigation Strategies – 
AWWA Standards Provide BMPs


C600 – Installation of Ductile Iron Water Mains and Their 
Appurtenances


C651 – Disinfecting Water Mains


C652 – Disinfection of Water Storage Facilities


D130 – Flexible Membrane Lining and Floating Cover Materials 
for Potable Water Storage 


G200 – Distribution System Operation and Management 
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Other Mitigation Strategies
Utility inspections of construction activities


Training of utility personnel and contractors 
using AWWA publications, web casts and 
videos


On-going improvement to BMPs using latest 
industry research findings and guidelines
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Implications for Different Systems


Small / NCWSs may lack capacity and training, 
for example:


Small systems may rely on consultants/contractors to 
do all work on main repairs and installations, including 
inspections. 
Small systems need to hire contractors to inspect and 
maintain storage facilities.
Small systems do not have the engineering or testing 
staff to closely oversee these needs.
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State of Current Knowledge: 
Finished Water Storage Facilities


>150,000 storage facilities in U.S.
Birds are known carriers of waterborne pathogens


Contaminant pathways include insect screens, vents, roof 
hatch systems, holes
Contamination is most often due to design defect or 
deterioration of materials
Based on survey data collected in response to Gideon 
outbreak (Missouri 1991-1994):


25%  to >50% had evidence of contamination
85% had some type of sanitary defect
50% of tanks had a serious sanitary defect
30 – 40% had minor sanitary defects
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State of Current Knowledge: 
New and Repaired Mains


Number of events has been estimated by several 
researchers.
Waterborne pathogens have been found in soil and 
groundwater at water main repair and construction sites 
(e.g. Salmonella spp., Campylobacter spp.). 
Research has documented a low level of contamination 
that occurs with new main installation and repairs. 
While standards exist for inspection and sanitary 
practices, these are not adhered to 100% of the time. 
National survey data on effective use of control strategies:


30-35% inspectors trained on AWWA standards and utility 
specifications
70-75% use disinfection BMPs
20% maintain water quality data for new/repaired mains
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Research/Info Gaps for Storage Facilities Exposure / 
Vulnerability


Health Effect / 
Risk


Mitigation 
Strategy


Analytical framework to determine the potential 
occurrence of contamination.


++
1-5 yrs


Design and operation and maintenance characteristics 
that lead to introduction, growth and retention of 
waterborne pathogens


++
1-5 yrs


National characterization of waterborne pathogens and 
vectors that can occur at finished water storage facilities.


+++
1-5 yrs


Relationship between indicators and microbial 
contaminants in storage facilities.


++++
5-10 yrs


National characterization of barriers to implementation of 
BMPs including tank inspection and maintenance


+++
1-5 yrs


National characterization of occurrence of deficiencies in 
storage facilities.


++++
1-5 yrs


Public health records that determine endemic rates or 
national risk associated with tank contamination.


++++
5-10 yrs


National characterization of use and effectiveness of best 
management practices to mitigate contaminants of 
concern.


+++
1-5 yrs
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Research/Info Gaps for Water Main 
Repair and New Main Installation


Exposure / 
Vulnerability


Health Effect / 
Risk


Mitigation 
Strategy


Analytical framework to determine the potential 
occurrence of contamination.


++
1-5 yrs


Design and operation and maintenance 
characteristics that lead to introduction, growth and 
retention of waterborne pathogens and chemicals


++
1-5 yrs


National characterization of waterborne pathogens 
and chemicals that can be found at water main 
repair and new construction sites.


+++
1-5 yrs


Relationship between indicators and contaminants 
in water main repairs and installation.


++++
5-10 yrs


National characterization of barriers to 
implementation of BMPs in repair and installation.


+++
1-5 yrs


National characterization of number and types of 
main breaks, repairs and new installations


++
1-5 yrs


National characterization of use and effectiveness 
of best management practices.


+++
1-5 yrs
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Summary of Research Gaps


Why are answers to research gaps critical? 
Breaches in physical integrity allow pathways for 
external contaminants into the water distribution 
system and can potentially affect public health.  
Closing these research gaps will help characterize on 
a national level the severity and expected frequency of 
external contamination, and will help improve control 
measures to minimize these risks.


Research findings will support the SDWA process to 
determine if Federal regulation is appropriate.
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Cross-Cutting Issues
Research needs and information needs address multiple issues such as state of 
infrastructure, and the potential severity and likelihood of public health risks. 


There is a link to the deteriorating infrastructure issue: deteriorated mains have 
higher frequency of breaks and repairs; deteriorating storage facilities are more 
susceptible to contamination.


Main breaks can cause loss of pressure and/or pressure transients, which may 
lead to intrusion or backflow.


Main breaks can cause sudden changes in flow, which can entrain scales, 
sediments, biofilm, etc.


Storage facilities and new mains have been linked to permeation and leaching of 
chemical contaminants.


Corrosion control benefits the reduction of water main breaks and repairs.


Storage tanks have been linked to water age management, nitrification and 
biofilm issues.


Is the stored water’s disinfectant residual adequate to control contaminants that 
enter the tank?
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This Meeting’s Presentations


Objectives


System compliance


Provisions


Improvement


Research
Biofilms and Nitrification
Research and Information 
Collection Needs
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Presentation Objectives


Define the distribution system issue
Explain why this topic is of concern and may 
warrant additional research / information 
collection
Review the current state of research
Describe decision-relevant research and 
information needs
Identify linkages to related topics and cross-
cutting issues
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Biofilms and Microbial 
Regrowth
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Definition:  Biofilms and Microbial 
Regrowth


A biofilm is a mixture of microorganisms, inorganic and 
organic matter that adheres to a surface such as a pipe 
wall
All materials in contact with drinking water have some 
level of biofilm since water is not sterile
Biofilms and/or organisms can detach from the pipe 
wall and enter the water for a variety of reasons:


During increased flows related to fire fighting or main breaks
Due to reversal of normal flow direction in pipes
In response to a change in water quality
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Definition Continued
Biofilms can:


Exist as continuous or patchy films along interior surfaces of 
distribution system materials 
Trap organic and inorganic chemicals as well as microorganisms 
from the water
Act as a slow-release mechanism for continual seeding of the 
water with biofilm matter
Be resistant to disinfection
Provide a growth medium for bacteria, algae, fungi and protozoa
Shelter pathogens
Enhance or potentially reduce corrosion of DS materials, and 
associated metal release 
Impact the release of contaminants that have accumulated in the 
DS
Accelerate disinfectant decay
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Source:  Anne Camper / Peg Dirckx, CBE
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Magnitude of Public Health Concern


Biofilm can be inhabited by pathogens
Biofilm may provide opportunity for pathogens to 
accumulate and subsequently be released


The magnitude of public health concern can 
range from zero to community-wide outbreaks


Duration of Campylobacter exposure and illness 
thought to be extended due to secondary reservoir in 
biofilm (one study in Sweden)
Legionella is the most commonly identified waterborne 
pathogen by CDC and is associated with hot water 
systems, cooling towers and biofilm in premise 
plumbing
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Mitigation Strategies:  Regulations


Some microorganisms that are associated with biofilms
have been added to CCL-2:


Mycobacterium avium complex (MAC) and H. pylori


Regulations on monitoring total Legionella in aerosols 
released from cooling towers (not part of SDWA)


Guidance exists on biofilm management practices
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Mitigation Strategies:  System 
Practices


Limit nutrients entering the distribution system (organic carbon, 
nitrogen, phosphorus)
Control system hydraulics to:


Minimize low flow areas
Reduce residence time, turn over storage
Maintain consistent flow rates and direction to prevent sloughing


Conduct periodic flushing in the areas susceptible to biofilms
Employ appropriate corrosion control practices for distribution 
system materials and water quality
Reduce microbial entry into the distribution system by addressing 
treatment effectiveness and physical system integrity
Maintain disinfectant residual
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Implications for Different Systems


Some NCWS only have premise plumbing and 
thus biofilm issues would be related to premise 
plumbing
The capacity of individual systems to address 
and control biofilm will vary depending on 
source water quality, use of disinfectant 
residual, extent of distribution system and the 
resources to implement controls
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State of the Research
There exists a very basic understanding of microbial ecology in 
the distribution system
Some mathematical models have been developed, most include 
only single microbial population dynamics and are difficult to 
generalize
Preliminary understanding of the impacts of different disinfectants 
and other water quality parameters on biofilm growth has been 
developed
Preliminary understanding of the linkage between microbial 
growth and corrosion has been developed
Findings of pathogens in biofilms continue to emerge
Good understanding that coliform bacteria and E coli can exist in 
biofilm
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State of the Research – Health Effects


Very difficult to quantify health risk
Lack of in-situ measurement capabilities 


• Generally rely on samples from bulk water or coupons 
to quantify biofilm


Potential indicators of biofilm (TC, EC or HPC) do not 
necessarily correlate to pathogen occurrence
Variability in events that lead to biofilm sloughing


• Hydraulic changes (e.g., flow reversal or surges)
• Water quality changes (e.g., loss of residual)


Differentiating between health risk from distribution 
system biofilm vs premise plumbing biofilm is difficult
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Research / Information 
Gaps for Biofilms


Exposure / 
Vulnerability Health Effect / Risk Mitigation Strategy


Develop analytical framework 
for assessing biofilm 
occurrence & exposure


++
(1-5 y)


Understanding of the sources, 
fate and transport of 
pathogenic and non-pathogenic 
organisms in biofilms


++++
(5-10 y)


+++++
(>10 y)


Factors that promote biofilm 
growth that could lead to public 
health risk


++++
(5-10 y)


Characterization and detection 
of events leading to biofilm 
release


++++
(5-10 y)


National characterization of 
pathogens related to biofilms


++++
(1-5 y)


Determine effectiveness of 
different control measures and 
secondary impacts


++++
(5-10 y)
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Nitrification
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Definition: Nitrification
Microbiological process by which ammonia is first oxidized to 
nitrite and then to nitrate


Primarily caused by two groups of naturally-occurring bacteria
Ammonia-oxidizing bacteria (AOB): oxidize ammonia to nitrite
Nitrite-oxidizing bacteria (NOB): oxidize nitrite to nitrate


Nitrifying bacteria growth rates are controlled by factors such 
as:  substrate concentration, temperature, pH, light, oxygen 
concentration, microbial community composition, and possibly 
phosphorus


Ammonia found naturally in some source waters or added 
during formation of chloramine
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Magnitude of Public Health Concern
Nitrification produces nitrite and nitrate, which are regulated 
contaminants


Currently regulated at entry point to distribution system only
Nitrite formation during distribution system nitrification can exceed 1 
mg/L entry point MCL


Nitrification causes deterioration of water quality because it leads 
to:


Disinfectant residual decay
Proliferation of bacteria (as a result of disinfectant decay), possibly 
pathogens


Nitrification can result in further deterioration of water quality:
Reduction in pH can lead to corrosion and metal release
Consumption of oxygen which can lead to metal release and other 
issues
Reduction in alkalinity
Production of taste and odor compounds


Nitrification can also be related to biofilms
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Mitigation Strategies:  Regulations and 
Guidance


Both nitrite and nitrate are regulated drinking water 
contaminants at the entry point to the distribution system


Nitrite MCL = 1 mg/L
Nitrate MCL = 10 mg/L
With increased monitoring when ½ of the MCL is detected


Regulated minimum chloramine residual concentrations can 
be difficult to maintain during a nitrification episode, which 
can lead to coliform rule violations
Some states require chloraminated systems to prepare 
nitrification control plans
Guidance:  AWWA M56, Fundamentals and Control of 
Nitrification in Chloraminated Drinking Water Distribution 
Systems
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Mitigation Strategies:  System 
Practices


Disinfection practices:
Maintaining an appropriate chloramine residual
Management of chlorine to ammonia ratio to minimize the free 
ammonia concentration


Monitoring for indicators as part of a nitrification control 
plan:


Loss in chloramine residual
Increase in nitrite and nitrate
Changes in free ammonia concentration 
Drop in pH, alkalinity or dissolved oxygen
Increase in HPC concentration
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Mitigation Strategies:  System 
Practices Continued


Minimize chloramine decay in treated water
Removal of TOC and inorganics during treatment


Optimize distribution system operations and maintenance practices
Minimize water age, especially for storage
Control corrosion by appropriate water chemistry manipulations
Scheduled flushing 


Distribution system engineering improvements
Reconfigure inlet/outlet of storage facilities to minimize water age
Application of mechanical mixers to reduce stagnant zones
Elimination of dead ends 
Chloramine boosting
Remove (oxidize) natural ammonia by biological filtration
Chlorite has shown promise in some situations
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State of the Research
Field testing methods for by-products of nitrification are well 
developed


Portable tests for free ammonia, nitrite, nitrate are readily available
Limited ability to directly measure nitrifying organisms
Preliminary understanding of the microbial processes associated 
with nitrification
Good understanding of the primary water quality impacts caused 
by nitrification (e.g., residual decay)
Preliminary understanding of the simultaneous water quality 
impacts (e.g. corrosion) associated with nitrification 
Preliminary understanding of some of the mitigation measures 
for preventing nitrification
Preliminary understanding of the mitigation measures for 
responding to nitrification once it occurs
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Research / Information 
Gaps for Nitrification


Exposure / 
Vulnerability Health Effect / Risk Mitigation Strategy


Advance understanding of 
nitrification process to determine 
growth /inactivation parameters, 
develop water quality models, etc.


+++
(1-5 y)


Develop rapid, simple methods for 
measuring nitrifying organisms


+++
(5-10 y)


Develop an understanding of 
mechanisms of corrosion caused by 
nitrifying organisms and relationship 
to different corrosion control 
strategies


+++
(1-5 y)


Link between secondary impacts of 
nitrification in distribution systems 
and public health impacts


++++
(5-10 y)


Determine effectiveness of different 
prevention and control measures, 
including unintended consequences 
of other issues (e.g., DBPs, 
corrosion)


+++
(1-5 y)


+++
(5-10 y)







23


Research / 
Information Needs 


for Nitrification 
Continued


Exposure / 
Vulnerability Health Effect / Risk Mitigation Strategy


Develop national estimate 
of occurrence of 
nitrification, including 
prevention/control methods, 
distribution of nitrifying 
organism species and 
regional differences


+++++
(1-5 y)


+++++
(1-5 y)


Delineate between source 
water and chloramine 
sources of ammonia for 
nitrification


++++
(1-5 y)


Develop national estimate 
of exposure to nitrite and 
nitrate in distributed water


+++++
(1-5 y)
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Cross-Cutting Issues
Nitrification can also be a biofilm process
Any mechanism for microorganisms to enter the distribution 
system can lead to increased biofilm


Treatment
Physical breach
Cross-connection


Adverse impact on water quality parameters due to nitrification 
and biofilm can affect:


Physical system integrity (e.g. corrosion)
Disinfectant residual available to inactivate pathogens
LCR compliance
Potential for release of regulated metals into drinking water


Water age, internal corrosion, disinfectant residual loss, storage 
facility operations all relate to nitrification and biofilm to some 
degree
More systems switching to use of chloramine
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This Meeting’s Presentations


Objectives


System compliance


Provisions


Improvement


Research Other Potential Risks Related 
to Distribution Systems
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Presentation Objectives


Define the issues
Explain potential concerns
Describe existing mitigation strategies
Present cross-cutting issues
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Other Potential Risks
Issues related to contaminants that are currently 
regulated at the point of entry but can also be found 
in the distribution system


Permeation
Leaching
Internal Corrosion 
Contaminant Accumulation


Issues that are contributing factors to a variety of 
distribution system concerns


Water Age
Loss of Disinfectant Residual


Premise Plumbing
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Permeation
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Why is Permeation a Concern?
Permeation is the movement of chemicals from outside 
the pipe through the pipe or appurtenance material and 
into the water 


Hydrocarbons permeating through plastic pipes is most 
common


Required sampling for many of these contaminants 
occurs only at the entry to the distribution system so 
these events can go undetected
Permeation of contaminants may result in customer 
complaints, but not always


May exceed MCL before taste & odor threshold is reached


Over 100 incidents of contamination due to 
permeation have been reported in the U.S.
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Mitigation Strategies for Permeation


Engineering standards require use of non-
permeable pipe materials in areas suspected to 
be contaminated
Replace pipe that has had permeation
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Leaching
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Why is Leaching a Concern?
Leaching is the dissolution of contaminants from 
the pipe, pipe lining, or appurtenances into the 
water
Required sampling for many of these 
contaminants occurs only at the entry to the 
distribution system so these events can go 
undetected
Arsenic, barium, cadmium, chromium can leach 
from cement mortar
Solvents added to coatings can diffuse through 
the coatings into the water
Epoxy resins and related agents from lining 
materials can leach into water
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Mitigation Strategies for Leaching


Industry standards on acceptable materials, coatings, 
and linings and their installation
Replace pipe that has evidence of leaching
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Internal Corrosion
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Why is Internal Corrosion a Concern?


Deterioration of metallic infrastructure or appurtenances 
due to contact with water
Corrosion and corrosion byproducts can:


Be chemically or microbially mediated 
Result in metals release
Exert a demand on disinfectant residual
Increase taste, odor, and color 
Provide a surface for microorganisms to grow, shielded from 
disinfection
Serve as a nutrient and substrate for microbial growth
Reduce pipeline capacity
Contribute to failure of physical integrity and intrusion
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Mitigation Strategies for Internal 
Corrosion
Internal corrosion can be controlled by the adjustment of 
water quality parameters (pH, alkalinity) or use of chemical 
corrosion inhibitors


Corrosion control strategies required under LCR
Other regulations impose some constraints on corrosion control 
options 
Need to carefully select and test the proper approach, chemicals
and dose for each system


Materials, coatings, linings, and pipe rehabilitation / 
replacement can be used to minimize corrosion
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Contaminant Accumulation
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Why is Contaminant Accumulation a 
Concern?


Contaminants in water can accumulate on solids 
(e.g., sediment) in drinking water distribution 
systems 
Regulated and unregulated contaminants with 
known health effects have been found to accumulate 
in the distribution system including:


Arsenic (measured at many times the MCL in one case)
Radium
Uranium
Vanadium


Significant accumulation of contaminant can occur 
even when the respective contaminant is below it’s 
MCL in the water. 
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Mitigation Strategies for Contaminant 
Accumulation


Release mechanisms to be avoided include:
Changes in water chemistry and/or treatment practices
Hydraulic disturbances
Corrosion
Microbiological activity


Develop mitigation plan on a case-by-case basis, 
which may include:


Corrosion control
Regular flushing
Control of inorganic constituents entering the distribution 
system that might become deposits that facilitate 
accumulation of other contaminants
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Water Age
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Why is Water Age a Concern?
Water age is the length of time from when the water 
enters the distribution system to when it reaches the 
customer
Although there is no specific age at which water 
becomes unsafe, increased water age provides 
increased opportunity for undesirable water quality 
changes to occur.
Water quality changes of concern include:


Loss of a disinfectant residual
Disinfection byproduct formation
Nitrification in chloraminated systems
Microbial survival and growth
Corrosion and corrosion byproduct formation
Sediment deposition
Increase in temperature
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Mitigation Strategies for Water Age
Mitigation should address the largest contributors to 
increased water age, which include:


Quantity of storage
Hydraulic operations, particularly related to storage
Pressure zone boundaries
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Loss of Disinfectant Residual
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Why is Loss of Disinfectant Residual a 
Concern?


Degree of disinfectant loss indicates degree of 
residual disinfectant decay that has happened in the 
system
No direct link to public health due to lack of 
disinfectant residual, indirect links only
Maintenance of a disinfectant residual may help to:


Control biofilm growth
Inactivate microorganisms


Fluctuations in residual may have adverse 
implications


Disinfectant Residual Concentration = Initial Dose – Decay over Time
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Mitigation Strategies for Loss of 
Disinfectant Residual


Many best management practices for distribution 
systems will be effective in minimizing loss of 
residual, including:


Hydraulic operations, particularly related to storage
Removal of chlorine-demanding constituents in treatment
Corrosion control
Regular flushing
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Premise Plumbing
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Why is Premise Plumbing a Concern?
Premise plumbing is the potable water system of the 
customer


Similar to the public system in many ways, just on a smaller scale


Location of connection to potentially hazardous equipment 
(e.g. chemical equipment, boilers, irrigation systems)
Issues of greatest concern related to premise plumbing 
include:


Cross-connections
Lead and copper
Pinhole leaks
Legionella


Mitigation strategies similar to those for distribution system
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Cross-Cutting Issues
Health effects for many of the contaminants 
discussed here are known


Current regulatory sampling and compliance does not take 
distribution system sources into account


Water age and loss of disinfectant residual generally 
have indirect impacts on overall water quality 
delivered to the customer
Many of the mitigation strategies (e.g. corrosion 
control) could provide benefits for a variety of issues
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Presentation Objectives


Illustrate the potential of different approaches to 
organize and implement information collection/ 
research programs
Reveal implications for the research plan/ 
language in the Agreement-In-Principle (AIP)
Improve upon and apply lessons learned from 
similar past efforts
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There are Many Funding Agencies and 
Researchers Engaged in DW Research


Funding Organizations
Congress
EPA
Awwa Research 
Foundation (AwwaRF)
Other federal agencies


• CDC, NIH, NTP, 
USGS, USACE, NSF


International
UKWIR, KIWA, CSIRO


Researchers
EPA
Other federal agencies


• CDC, NTP, USGS. USACE
WERF, NWRI, and 
WateReuse Foundation
Global Water Research 
Coalition


Other water researchers
Academics
Consultants
Some large utilities
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Past Research Implementation Approaches


Research Council
Microbial/Disinfection By-Products (M/DBP)


Research Partnerships
Arsenic


Congressional earmarks
Arsenic and perchlorate


Regulated occurrence data collection
Information Collection Rule (ICR)
Unregulated Contaminant Monitoring Rule (UCMR)


Survey approaches
Informal coordination
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Research Council: 
1994 Stage 1/IESWTR Negotiated 
Rulemaking (Reg-Neg)


Limited information available during 1992-1993 
M/DBP negotiated rulemaking (Reg-Neg)
Specific research language in agreement serves as 
building block for future Stage 2 rulemaking


Clear research objective
Broad-based, collaborative effort
Specific timeline(s)


Many information and research needs led to 
formation of M/DBP Research Council
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’94 Stage 1/IESWTR Research Language
Clear research objective


Item #11—Each party agrees that the intent of the ICR is to 
provide data and scientific research needed to support Stage 2 or 
other regulation…


Broad-based, collaborative effort
Item #12—Each party agrees that additional research, particularly 
on health effects, is needed to develop sound regulations…; 
supports a cooperative research effort coordinated by EPA and 
AwwaRF and directed by a committee comprised of EPA, 
AwwaRF, and representatives of the water supply, 
environmental, health, consumer, local government officials, and
state regulatory parties…Each party also urges a greater priority 
be given to such research by such federal agencies…
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’94 Stage 1/IESWTR Research Language


Specific timeline(s)
Item #13—It is the intent of each party that, by 1998, a 
research program on DBPs, designed and conducted 
collaboratively among organizations reflecting the diversity 
of interests…, would have been implemented.  First 
priority would be give to acute health effects (e.g., birth 
defects), and, if data warrant earlier action, a meeting shall 
be convened to review the results and to develop 
recommendations
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M/DBP Research Planning Efforts and 
Formation of Research Council
Formation of M/DBP Research Council
EPA multi-year plan—Research Plan for Microbial 
Pathogens and Disinfection By-Products in Drinking Water 
(EPA/600/R-97/122, Nov. 1997)


Three years after Reg-Neg Agreement


Drinking water sector research plan efforts
1993 Miami Research Workshop—Report from Expert Workshop of 
Microbial and Disinfection By-Products Needs (Jan. 1994)


• 71 projects totaling $47 M—36 high priority ($35 M)
Follow-up 2001 M/DBP Research Needs Workshop—Assessment of 
Microbial and DBP Research Needs: Final Report (Sep. 2001)


• 77 projects totaling $41 M—9 distribution system projects







10


Research Council Lessons Learned
Agreement language with clear research objective, 
broad-based, collaborative effort, and specific 
timeline(s) can result in a robust research plan
Research planning effort led by others (AwwaRF) can 
be completed in a timely manner


Some research projects can start earlier


Not a good mechanism for tracking and communicating 
individual research projects


Status of research plan is unclear


SDWA regulatory deadline ahead of research 
completion
Executing research often takes longer than anticipated
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Research Partnership: 
Arsenic Rule Development


Concern with arsenic health effects began in 
early 1990s
1996 SDWA Amendments set three deadlines:


Jan. 1997 - Comprehensive research plan to reduce 
the uncertainty in assessing arsenic health effects


• EPA multi-year plan—Research Plan for Arsenic in Drinking 
Water (EPA/600/R-98/042, Feb. 1998)


Jan. 2000 - Proposed regulation
Jan. 2001 - Final regulation
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Research Partnership: 
Arsenic Rule Development


Drinking water sector research planning efforts
1995 Ellicott City Research Workshop—Research 
Needs Report-Arsenic in Drinking Water (Chinn, Aug. 
1995)


• 30 projects totaling $19 M (1995 $)—10 high priority ($3 M)


Arsenic research partnerships implemented plans
Accelerated by Congressional earmarks in the late 
1990s
Second partnership with Sandia Labs focused on 
treatment


• More Congressional earmarks
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Partnership Lessons Learned


SDWA deadline accelerated research plan 
completion
Narrower range of research topics helped 
focus effort


Primarily analytical methods and treatment 
research led to easier implementation


Congressional earmarks help with funding 
and accelerated the partnership efforts
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Earmarks: Perchlorate and the 
Contaminant Candidate List (CCL)


CCLs are published every 5 years as mandated by the 
1996 SDWA Amendments


The CCL is the foundation for selecting (or not) new 
contaminants for potential regulation


Perchlorate listed on first CCL (CCL1)
Perchlorate treatment studies driven by contamination in San 
Gabriel Valley in CA


• Potential major impacts in Southern CA and Dept. of Defense (DoD) 
as a potentially responsible party


Congressional earmarks accelerated research
Personal contacts through East Valley Water District (EVWD)
EVWD, EPA, and AwwaRF jointly sponsored several projects
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Regulated Occurrence Data Collection: 
1996 Information Collection Rule (ICR) 


Large systems serving >100,000 people required to 
collect water quality parameters, DBP, and microbial 
data in 1997 and 1998


296 systems with 500 treatment plants
Monitoring cost - $73 M (1994 $)


Systems above certain DBP triggers were required to 
conduct additional treatment studies


Treatment studies cost--$45M to $76 M (1994 $)


A significant effort for those directly involved in ICR 
implementation
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Sample Collection Is Not Trivial
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Regulated Occurrence Data Collection: 
Unregulated Contaminant Monitoring Rule 


UCMR contaminants generally come from CCL
Occurrence data needed


All large systems serving >10,000 people (+ 3,300 
systems) required to conduct monitoring and some 
have additional screening survey requirements
First UCMR published in 1999


12 chemicals - MTBE and perchlorate of interest
Monitoring cost - $24 M (1999 $)


Second UCMR (UCMR2) published in 2007
25 chemicals with a monitoring cost of $30 M
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Lessons Learned from ICR & UCMR


Regulated occurrence data collection ensures that it 
will get done


Utilities have to comply, but the effort is not trivial


Analyze the data you collect - documentation and data 
analysis are important to justify effort


ICR summarized in Information Collection Rule Data Analysis 
(McGuire, McLain, Obolensky, editors, 2002)
UCMR summaries available on EPA website


Know what question you are trying to answer before 
specifying the data to be collected


National occurrence data primary focus for both ICR and 
UCMR







19


Survey Approaches
Survey at statistically representative locations as 
opposed to a census (regulated data occurrence)
Some examples:


ICR Supplemental Surveys (ICRSS) used improved 
Cryptosporidium analytical method
U.S. Geological Survey (USGS) National Water Quality 
Assessment (NAWQA) surveys representative 
watersheds


• Source water monitoring using research lab methods
Office of Pesticide Programs re-registration 
requirements


• Acetochlor and atrazine are monitored in watersheds where 
product is widely used
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Evaluations of Research Efficacy
Research integration project by Damon S. Williams 
Associates (DSWA)


Review past research plans and assess integration into 
final rules
Understand how research efforts were (and were not) 
utilized in the regulatory development process


EPA analysis of how research outcomes are used 
in the regulatory development process


Retrospective analysis with focus on analytical methods, 
models and citations in peer-reviewed publications
Prospective work to develop feedback mechanism to link 
EPA research planning to regulatory outcomes
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DSWA Research Integration Evaluation
Review Arsenic and M/DBP Research Plans


Identify and catalog each research objective
• Description of the objective
• Assigned priority level
• Individual projects under each objective
• Anticipated timeframe for completion by project and objective


Investigation of Final Rules
Assign percentage of research completed 


• % Results incorporated in Final Rule
• % Objectives incorporated in Final Rule
• % Complete at time of Final Rule (Limited)


• % Complete now (Limited)


Results can be presented later if desired







22


Summary of Potential Research 
Implementation Approaches
Distribution system research council or partnership


New EPA procurement rules affect awarding of research 
grants


Congressional earmarks
Federal agencies can’t participate in this process


Regulated occurrence data collection
Surveys of representative locations
Informal coordination (corrosion control)


Which approach should be in the agreement?
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This Presentation


Objectives


System compliance


Provisions


Improvement


Research


Conceptual Approach to 
Options Evaluation
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Overview


Option 
Development 


(FAC)


Evaluation 
Approach 


(TWG)


Option 
Evaluation


Option 
Consensus
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What Questions Would We Like To 
Answer?


How many systems are affected?


What will affected systems have to do?


What is the benefit of the actions?


What is the cost of the actions?
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What We Believe We Can Address in 
Option Evaluation


Cost Determination
1. What systems will have to do 


when triggered into action 
(options and expert opinion)


2. What states will have to do to 
implement (ASDWA experts/ 
surveys)


3. The cost of the aggregate actions
4. Cost distribution across system 


types


Benefit Determination
1. Likelihood of finding e.coli under 


different monitoring schemes (6- 
year review data analysis)


2. Type and distribution of 
investigative and response 
activities, other than monitoring 
(analysis of Cost item 1)


3. Impact on state implementation 
(ASDWA experts/surveys)


The number of systems that will be triggered into action based upon 
monitoring strategy (6-year review data) and other provisions
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1. What kind of information would you 
find helpful in comparing options?


2. What metrics would you like to 
have, if possible?


Discussion Questions for the FAC





		Conceptual Approach to Options Evaluation

		This Presentation

		Overview

		What Questions Would We Like To Answer?

		What We Believe We Can Address in Option Evaluation

		Discussion Questions for the FAC
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Summary of  Prioritization/Ranking


Distribution System Issue Expert Panel/Workshop Ranking
NRC EPA 


WP
EPA 
PS


EPA 
EA


AwwaRF 
PI*


AwwaR 
F SIRP*


Cross connection & backflow H H H H H ---


Biofilm and microbial ecology M H M H L H/M


Pressure transients & intrusion M H M H H ---


New and repaired mains & 
breaks


H H M L H ---


Storage facility integrity H M L H M ---


Nitrification L M M M --- M


Internal pipe corrosion L --- L H --- M


(H= high, M= medium, L= low)


*Note:  AwwaRF PI and SIRP were focused on research needs
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Summary of Prioritization/Ranking


Distribution System Issue Expert Panel/Workshop Ranking
NRC EPA 


WP
EPA 
PS


EPA 
EA


AwwaR 
F PI*


AwwaRF 
SIRP*


Permeation L M L M --- ---


Leaching L H L L --- ---


Water age L M M --- --- ---


Aging infrastructure --- H L --- --- ---


Premise plumbing H --- --- --- --- L


Disinfectant residual & its loss M --- --- --- --- H


(H= high, M= medium, L= low)


*Note:  AwwaRF PI and SIRP were focused on research needs
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Low Priority or Research Only 


Distribution System Issue Expert Panel/Workshop Ranking
NRC EPA 


WP
EPA 
PS


EPA 
EA


AwwaR 
F PI


AwwaR 
F SIRP


DBP formation and fate L --- --- --- --- L
Treatment breakthrough --- --- --- --- H ---
Pathogen retention and 
transport


--- --- --- --- --- H


Lead and copper --- --- --- --- --- H
Organochloramines --- --- --- --- --- H
Sediment deposition/ 
inorganics


L --- --- --- --- ---


Biological stability of treated 
water


--- --- --- --- --- L


(H= high, M= medium, L= low)


*Note:  AwwaRF PI and SIRP were focused on research needs
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		Summary of Prioritization/Ranking 

		Low Priority or Research Only �
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This Meeting’s Presentations


Objectives


System compliance


Provisions


Improvement


Research


CCC Program 
Implementation
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Presentation Objectives


Provide background on cross-connections and 
control measures
Summarize data on types of cross-connection 
incidents
Provide an overview of codes/statutes currently 
governing cross-connection control


Plumbing codes
State programs
City/County programs
Utility programs
Guidance/standards
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CCC Programs are Intended to 
Prevent:


Cross Connections - any unprotected actual or 
potential connection or structural arrangement 
between a public or private potable water 
system, and any other source or system through 
which it is possible to introduce into any part of 
the potable system any used water, industrial 
fluids, gas, or substance other than the intended 
potable water with which the potable system is 
supplied 
Backflow – any unwanted flow of used or 
nonpotable water, or other substances from any 
domestic, industrial, or institutional piping 
system back into the potable water distribution 
system


Source:  USC Manual of CCC
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Backflow Incident Requirements


CROSS- 
CONNECTION


• Indirect
• Direct


HAZARD
• Health 


• Non-health


HYDRAULIC 
CONDITION


• Backsiphonage
• Backpressure


BACKFLOW can only 
occur if all three are 
present:
• Cross-Connection
• Hazard
• Hydraulics







TREATMENT 
PLANT DISTRIBUTION 


SYSTEM


INDUSTRIAL 
COMMERCIAL 


CUSTOMER


RESIDENTIAL 
CUSTOMER


NORMAL FLOW 
OF POTABLE 


WATER 
THROUGH 


DISTRIBUTION 
SYSTEM


Residential Customers
• 66% of total water 


used
• 80% of which is not 


ingested (irrigation, 
toilet flushing, etc.)


*Hazard assessment required to determine the actual risk to public health from individual connections


Potential Hazard*


Potential Hazard*







TREATMENT 
PLANT DISTRIBUTION 


SYSTEM


INDUSTRIAL 
COMMERCIAL 


CUSTOMER


RESIDENTIAL 
CUSTOMER•Main Break


•Flushing 
•Pump Failure
•Oper & Maint
•Increase Demand
•Fire Fighting







TREATMENT 
PLANT DISTRIBUTION 


SYSTEM


INDUSTRIAL 
COMMERCIAL 


CUSTOMER


RESIDENTIAL 
CUSTOMER•Main Break


•Flushing 
•Pump Failure
•Oper & Maint
•Increase Demand
•Fire Fighting


BACKFLOW
• Transient in nature
• May disperse or travel in 


slug form
• May reoccur if problem is 


not corrected
• Degree of Hazard


•Biological
•Chemical







TREATMENT 
PLANT DISTRIBUTION 


SYSTEM


INDUSTRIAL 
COMMERCIAL 


CUSTOMER


RESIDENTIAL 
CUSTOMER• Leak fixed


• Water use 
returns to 
normal


Contamination 
in distribution 
system now 


distributed to 
some or all 
water users







TREATMENT 
PLANT DISTRIBUTION 


SYSTEM


INDUSTRIAL 
COMMERCIAL 


CUSTOMER


RESIDENTIAL 
CUSTOMER•Main Break


•Flushing 
•Pump Failure
•Oper & Maint
•Increase Demand
•Fire Fighting


Backflow protection at 
service connection protects


Integrity of Distribution 
System
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Two Types of Protection


System Protection (Containment)
Backflow protection at service connection


Internal Protection (Isolation)
Backflow protection at point of use
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Backflow Incidents (from EPA White 
Paper)


459 backflow incidents between 1970-2001 with 
at least 12,093 illnesses


Chemical contaminants (294 incidents, 1,354 ill)
Biological contaminants (58 incidents, 7,065 ill)
Other contaminants (107 incidents, 3,674 ill)


Number of incidents are underreported
Monitoring of most contaminants does not occur in the 
distribution system


Between 1971 and 1994, at least 57 waterborne 
disease outbreaks were attributed to cross 
connection or backsiphonage (Craun, 1999)
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Summary of Plumbing Codes


Model Codes are developed by plumbing 
industry groups


2 major versions, some older versions by other groups


Some States adopt a model code with their own 
modifications as part of their building code


3 have no code
12 have non-model code


Most cities and counties (or similar jurisdictions) 
adopt the State code and include modifications
Some jurisdictions have no code
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Enforcement of Plumbing Codes
Most often done during the building permit 
process
Inspectors from designated local department


Can include building, public health, plumbing, 
consumer protection, and other departments


Generally cover new construction and major 
facility modifications only


Permits usually only issued to licensed contractors or 
plumbers
Minor modifications which can be undertaken by 
homeowners may establish cross-connections; 
plumbing inspectors may be unaware


No enforcement for work done that does not fall 
within permit process
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Summary of State Programs
50 States have a requirement for CCC and/or BFP 


31 States specify that the system must implement or 
develop a CCC and/or BFP program


42 States require authority to implement a local ordinance 
or rule for CCC and/or BFP


30 States require the rule or ordinance to allow the system 
to take enforcement action


38 States require inspection of devices and/or testing of 
assemblies


42 States require training, licensing, or certification of BFP 
assembly testers


37 States have record keeping requirements
17 States require public notification following an event
10 States require public education 


Source:  EPA, November 2006 Survey
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Summary of State Programs


ASDWA Survey of 30 States Published in 1999
23 States require CCC programs; 3 do not
2 States require CCC programs only in plumbing code
2 States have only guidelines for CCC programs


PHCC 1999 Survey of Plumbing CCC and BFP 
Requirements


10 of 12 States surveyed have State plumbing law 
related to CCC and BFP
Responsibility for administering program varies among 
States
States identified problem areas for CCC and BFP







17


Elements of City/County Programs
Case Studies Developed for 18 Programs as Part of 
2000 EPA CCC White Paper
Common elements:


• Authority or ordinance to implementE,S


• Installation of approved assemblies
• Public educationE,S


• Data management and record keepingE,S


• Testing and repair of backflow preventersS


• Hazard surveys
• Personnel trainingE


Most have containment programs and test preventers 
annually
Some address residential with reclaimed or auxiliary systems 
Frequency of inspections vary


E – Critical element in expert EPA workshop.  S – State identified important part 
of CCCP
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Implementation of Program Elements
Program Element Jurisdiction / Authority / 


Implementation
Water 


System
Local Gov’t State 


Agency
Authority or ordinance 
to implement


x x x


Approval of devices / 
assemblies


x
(some)


x


Public education x x x
Data management and 
record keeping


x x x


Testing and repair of 
backflow preventers


x


Hazard surveys x
Personnel training x x x







19


Summary of Guidance Materials


Program Implementation and Maintenance:
AWWA M14 3rd ed. 2004
USC FCCCHR Manual of CCC 9th ed. 1993 (2008)
University of FL TREEO Center 2nd ed. 2004
PNWS-AWWA CCC Accepted Procedures and Practices 6th


ed. 1996
EPA Manual 2003 (reflects practices in Northeast US)


States and training providers
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Conclusions
Most states do have programs


Implementation varies
Some more comprehensive than others


Successful programs dependent on interaction 
among:


System program
Local codes/ordinances
State program
State codes/ordinances


Industry guidance is available
Evidence of health risk from documented cases


Difficult to know the true national occurrence
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Appendix







22


EPA Cross-Connection Control 
Manual Summary


Educational, administrative and technical 
reference in conducting cross-connection 
control programs
Theories, methods and devices
Procedures and administration
Revised 1989
http://www.epa.gov/safewater/crossconnection.
html
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This Meeting’s Presentations
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System compliance
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Improvement


Research Overview
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Committee’s Second Charge


What data should be collected, research 
conducted, and/or risk management strategies 
evaluated to better inform distribution system 
contaminant occurrence and associated public 
health risks in the distribution systems. This is 
intended to “initiate a process for addressing 
cross connection control and backflow 
prevention requirements and consider 
additional distribution system requirements 
related to significant health risks” called for by 
the Microbial Disinfection Byproducts Federal 
Advisory Committee. 


Provide advice and recommendations on: 
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Committee’s Second  Charge


The issues that the TCRDS Advisory 
Committee may consider include but are not 
limited to:
1. evaluation of available data and research on 


aspects of distribution systems that may create 
risks to public health,


2. identification of priority data gaps, and
3. identification of data collection approaches (such 


as a data collection rule and/or additional 
research).
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Why collect the data? 
SDWA Criteria for Action 1412(b)(1)(A)


The Administrator shall…promulgate a national 
primary drinking water regulation for a 
contaminant…if…:
i. the contaminant may have an adverse effect on the 


health of persons;
ii. the contaminant is known to occur or there is a 


substantial likelihood that the contaminant will occur 
in public water systems with a frequency and at 
levels of public health concern; and


iii. in the sole judgment of the Administrator, regulation 
of such contaminant presents a meaningful 
opportunity for health risk reduction for persons 
served by public water systems.


Instead of regulation, EPA could also issue guidance or just seek to 
develop a better understanding of issues
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TWG Focus for This Meeting’s 
Presentations


What information will help the FAC members 
prioritize additional data collection/research that will 
better inform distribution system contaminant 
occurrence and associated public health risks in the 
distribution systems?
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TWG Approach


Identify and review issue categories with the FAC 
(completed)
For each issue category (e.g., storage facility integrity), 
evaluate and determine research/information gaps for:


Exposure/Vulnerability
Health Effects/Risk
Effectiveness of corrective actions/mitigation strategies


For each gap, determine conceptual level of effort and 
timeframe to fill the gap


Informs magnitude of existing risk







8


What You Will See For Each Issue
Type of information


Characterization of issue
Identification of research and information gaps 
for:


Exposure / Vulnerability
Health Effect / Risk
Mitigation Strategies


Conceptual effort and timeline for major gaps


Form of information
Presentation
Panel dialogue
Handouts
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1. Exposure/vulnerability
Identify situations that result in significant contamination of public health 
significance.
Characterize the contaminants of public health significance that are introduced 
during those situations.
Assess the exposure to contaminants (considers occurrence, pathway and 
host susceptibility).


2. Health Effects/Risks
Measure health consequences from exposure to the contaminants.
Monitor for situations which pose a public health concern.
Measure and track the national significance of the described situations.


3. Mitigation Measures
Characterize preventative measures or steps to minimize or prevent exposure.
Identify and implement remediation steps when contamination occurs.
Quantify the national significance of additional mitigation measures.


Regulatory decisions require the ability to understand:
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The “State” of Current Knowledge


There is a continuum of information development that 
underlies each topic area:


Basic Science - underlying fundamental mechanisms relevant to 
research topic
Applied Science - applying fundamental mechanisms to 
understanding situation in distribution systems
Operational Solutions – applying understanding of science to 
system operations to improve water quality
Engineering of Solutions - applying understanding of science to 
develop engineered solutions
National Impact - investigation of mechanisms and solutions to 
characterize the national distribution of both
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Gap Exposure / Vulnerability Health Effect / Risk Mitigation Strategy


Gap 1
+++


(5 - 10 y)


Gap 2


Gap 3


Duration of 
Effort
(>10 y)


(5 - 10 y)
(1 - 5 y)


Categories
1.Exposure / Vulnerability
2.Health Effect / Risk
3.Mitigation Strategies


Extent of 
Research Gap


Information 
required for 
decisions 
relatively 
complete
+
++
+++
++++
+++++
Significant 
shortfalls in 
understanding


Key to Research Gap Summaries
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List of Research and Information 
Collection Needs Developed based on 
State of Current Knowledge


TWG members and industry experts identified 
the state of current knowledge for each topic
Based on the current knowledge, research and 
information collection needs were developed to:


Broadly address needs in each of the three categories
Provide an overview research need which may 
encompass many smaller research projects
Complement the current state of knowledge in 
targeted areas relevant to the FAC charge


Included an evaluation of the type of research / 
information collection gap
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Duration of Effort Evaluations
Research requires time and the availability of information is key to 
decision-relevance.
The TWG divided the level of effort required to fill research gaps 
into three broad categories


1 – 5 years
5 – 10 years
>10 years
This breakdown presumes an uninterrupted, adequately funded, 
focused program of activity


Duration of Effort evaluations included the following criteria:
Availability of methods
Availability of data
Number and type of prerequisite projects to address each overall
research gap
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Sequence of Information Collection 
and Research Needs Presentations


Possible approaches to implementing the information 
needs/research needs recommendations (morning)
Cross connection, backflow and pressure/intrusion 
(afternoon)
Storage facilities/new mains & repairs (afternoon)
Biofilm and nitrification (afternoon)
Synopses of other issues related to potential 
distribution systems risks (tomorrow morning)
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Presentation Objectives


Define the topic
Explain why this topic is of concern and may 
warrant additional research / information 
collection
Review the current state of research
Describe decision-relevant research and 
information needs
Identify linkages to related topics and cross-
cutting issues
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Definition of Topic – CCC/BF


“Cross-connection” – Definition provided in previous 
presentation
“Backflow” – Definition provided in previous presentation
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Magnitude of Public Health Concern 
- Backflow


Hundreds of cases of documented backflow incidents over 
past three decades


Many incidents may go undetected or unreported 
Programmatic improvements over last three decades


Is not quantified on a national level and will vary from system 
to system
A wide variety of microbial, chemical, and physical 
substances can be introduced into the distribution system 
and/or premise piping 


Once introduced, many chemical and physical variables will 
influence potential for public health impact


Cross connections often occur beyond the service 
connection


May or may not impact distribution system
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Mitigation Strategies - Backflow
Preventative


System Design and Operation - Water distribution systems are designed 
and operated to maintain a positive pressure under most flow conditions


• State review and approval of major system mains
• Portion of ISO Fire Suppression Ratings based on water supply 


capacity
Cross connection control and backflow prevention programs


• Industry, state, and federal guidance manuals are available for establishing 
cross connection control programs


Plumbing code enforcement


Responsive
Multiple system responses associated with identifying cause, 
contaminant, impact area, notification, isolation, and removing 
contaminated water from system
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Implications for Different Systems - 
Backflow


Community water systems may be impacted by cross 
connections that occur within the distribution system and/or 
beyond the service line


Do not have jurisdiction over premise plumbing
• Local building/plumbing department review, approval, and 


inspection of premise plumbing
Typically, CCC/BFP programs specify installation of backflow 
prevention devices at the service connection of high hazard 
facilities


Non-community water systems own and control both their 
internal plumbing system and any associated distribution 
system


Local building/plumbing department review, approval, and 
inspection of premise plumbing
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State of Current Research - Backflow
On-going research and data collection on the degree to which 
cross-connections exist and pressure differentials occur
Contaminants from documented incidences have been compiled
General understanding of the maintenance and management 
aspects of a CCC/BP program 
History of designing, manufacturing and installing backflow 
prevention devices
At this time, only limited understanding of:


Magnitude of the public health risk
Information needed to quantify risk reduction or effectively monitor 
public health benefit
Political dimensions of local implementation


• CWS separate from local building/plumbing department
• Active implementation and enforcement may be resource-limited
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CCC/Backflow Research/Information Gaps


Gap Exposure / 
Vulnerability


Health Effect 
/ Risk


Mitigation 
Strategy


Analytical framework for assessing backflow 
occurrence and exposure


++


(1-5 y)


Occurrence of cross connections and backflow 
risk factors in a range of water systems
(backpressure, backsiphonage, hazards, cross 
connections)


++++
(1-5 y)


Fate and transport of contaminants introduced 
during backflow (delivered concentration to the 
consumer)


+++++
(5-10 y)


+++++
(>10 y)


Epidemiologic evidence of illness associated with 
backflow events (linkage of public health data with 
backflow events)


+++++
(>10 y)


Define critical elements of an effective CCC/BP 
programs


+
(1-5 y)


National characterization of CCC/BP program 
implementation and limitations


++
(1-5 y)


Health effects from contaminants associated with 
documented backflow events


+
(1-5 y)
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Definition of Topic – Pressure 
Transient/Intrusion


“Pressure transient” – a wave of energy traveling 
through a pipe in the form of a pressure 
differential caused by an abrupt change in water 
velocity
“Intrusion” – entry of non-potable water through 
a leak or other orifice into the distribution system 
as a result of low or negative pressure
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Intrusion Incident Requirements


Pathway
• Leak


• Submerged 
Air/vac valve


HAZARD
• Health 


• Non-health


HYDRAULIC 
CONDITION


• Pressure loss
• Pressure 
transient


Intrusion can only 
occur if all three are 
present:
• Pathway
• Hazard
• Hydraulics
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Magnitude of Public Health Concern - Intrusion


Is not quantified on a national level and will vary from system to 
system


Intrusion may introduce a wide variety of microbial, chemical, and 
physical substances into the distribution system


Once introduced, many chemical and physical variables will influence 
potential for public health impact 


A few epidemiological studies have suggested that distribution 
systems may have been responsible for increased levels of 
gastrointestinal illnesses


There is some data linking pressure loss to illness


There is limited data linking intrusion to illness


There is no data linking intrusion to toxic chemical exposure
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Mitigation Strategies - Intrusion
Engineering standards and practices


System design to maintain positive pressure under most flow 
conditions (e.g. elevated storage)
Separation distances between water and sewer pipes
Valve sizing and design of air/vacuum relief valves
Surge control devices
Network analysis to minimize transients


Valve and pump operation to avoid sudden changes in 
velocity
Leak detection and repair
Maintenance of residual 


May afford some inactivation of certain microbes if adequate CT 
provided?
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Implications for Different Systems 
- Intrusion


Intrusion is primarily viewed as a potential exposure 
pathway associated with buried or submerged
infrastructure (pipes and appurtenances)


The amount of buried infrastructure is significantly higher in 
CWSs than NCWSs


Activities that can cause pressure loss events occur 
more frequently in CWS


Main breaks, power loss to pump stations, etc.


Quantity of intruded water reaching consumer is 
unknown for CWSs and NCWSs, and will vary 
significantly 
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State of Current Research - Intrusion
History of designing, manufacturing, and installing buried 
infrastructure to minimize intrusion


Limited understanding of the actual “porosity” of existing infrastructure
Porosity expected to increase as infrastructure degrades


General understanding of the maintenance and 
management of water systems to maintain positive 
pressure


Causes of transient pressure events are largely known
Limited understanding of frequency and magnitude of transient 
pressure events


At this time, research is needed to quantify risk reduction 
and effectively monitor public health benefit of additional 
steps to prevent intrusion
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Gap Exposure / 
Vulnerability


Health Effect / 
Risk


Mitigation 
Strategy


Analytical framework for assessing pressure 
loss/intrusion occurrence and exposure


++
(1-5 y)


Pathogen and contaminant occurrence in 
vicinity of intrusion pathways


++++
(1-5 y)


Occurrence of pressure loss and intrusion risk 
factors in a range of water systems
(leakage, submerged infrastructure, etc.)


++++
(5-10 y)


Assessment of intrusion volumes under 
various physical and hydraulic regimes


+++++
(5-10 y)


+++++
(>10 y)


Fate and transport of intruded contaminants 
with distribution system (delivered 
concentration to the consumer)


+++++
(5-10 y)


+++++
(>10 y)


Epidemiologic evidence of illness associated 
with intrusion events (linkage of public health 
data with events)


+++++
(>10 y)


National characterization of  pressure 
management strategies, degree of 
implementation


+++
(1 - 5 y)


Pressure Transient/Intrusion Research/Info Gaps 
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Cross-Cutting Issues
Implications of Pressure Loss 


Cross connections and intrusion - In which situations is 
pressure loss (or backpressure) sufficiently severe as to 
lead to an exposure that threatens public health?


Sudden Changes in Velocity
May scour or entrain pipe scales, sediments, biofilms
May damage infrastructure


Linkage to Over-arching Issues
Infrastructure deterioration will lead over time to more 
opportunities for the distribution system’s hydraulic 
integrity to be breached
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